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1344Objective: We assessed the effectiveness of standardized protocols in decreasing postoperative mechanical
ventilation time to<6 hours.
Methods: In 2061 patients undergoing coronary bypass, the proportion extubated in<6 hours was calculated for
3 sequential time periods. During period 1 patients were weaned per baseline practices; during period 2, per a
protocol developed by a multidisciplinary committee; and during period 3, as in period 2 but with paralytic
reversal and extubation performed at lower body temperatures and an extubation reminder sheet prominently
displayed. We used a c2 test to examine differences in ventilation times among the 3 time periods and logistic
regression modeling to control for independent risk factors for prolonged ventilation. As measures of patient
safety, we examined rates of reintubation and rates of patient shivering following paralytic reversal.
Results: Twelve percent of patients were extubated in<6 hours during period 1, 24% during period 2 (P<.01),
and 38% during period 3 (P<.01 compared with both periods 1 and 2). After controlling for 12 risk factors,
patients were more likely to be extubated in<6 hours during period 2 (odds ratio, 2.39; 95% confidence interval,
1.84-3.10) and period 3 (odds ratio, 5.05; 95% confidence interval, 3.65-6.99) than during period 1. There was
no difference in reintubation rates across periods, and the rate of patient shivering did not increase with paralytic
reversal at lower body temperature.
Conclusions: The standardized protocols outlined in this article dramatically improved early extubation perfor-
mance. (J Thorac Cardiovasc Surg 2014;147:1344-50)Prolonged mechanical ventilation after heart surgery has
been defined in studies as mechanical ventilation lasting
longer than some specified amount of time, usually in the
range of 24 hours to 7 days, and is reported to occur in
5% to 10% of patients undergoing cardiac surgery.1-5
Prolonged mechanical ventilation has been demonstrated
to be associated with increased hospital and intensive care
unit (ICU) lengths of stay; higher health care costs; and
morbidity resulting from atelectasis, intrapulmonary
shunting, and pneumonia.6-9 In contrast, early extubation
of postoperative heart surgery patients has been associated
with shorter ICU and overall hospital stays and decreased
resource use.10-14 Moreover, extubation within 6 hours
has been shown to be safe and effective even in elderly
patients, with no increased risk of reintubation.15 Despite
this knowledge, there are few established protocols for pro-
moting early extubation in postoperative heart surgery pa-
tients. We therefore developed and assessed 2 different
sets of standardized interventions designed to reduce time
to extubation in postoperative cardiac surgical patients to
<6 hours.e Division of Cardiac Surgery, Johns Hopkins Hospital, Baltimore, Md.
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The Journal of Thoracic and Cardiovascular SurMETHODS
After receiving institutional review board approval and informed con-
sent, we prospectively collected data on 2061 successive patients under-
going coronary artery bypass grafting (CABG) between January 3, 2005,
and June 30, 2012. The study period was subdivided into 3 smaller pe-
riods. During period 1 (January 3, 2005, through September 29, 2009) pa-
tients were weaned to extubation according to the practices and
preferences of individual intensivists and surgeons. During period 2
(October 1, 2009, through August 31, 2011) patients were weaned ac-
cording to a standardized protocol developed by a multidisciplinary per-
formance improvement committee composed of cardiac surgeons,
intensivists, anesthesiologists, advanced care practitioners, nurses, respi-
ratory therapists, pharmacists, and administrators. The protocol called
for all postoperative patients to receive the same ventilator settings: a res-
piratory rate of 16 breaths per minute with a tidal volume of 8 cc/kg ideal
body weight. Paralysis in all patients was to be reversed at a bladder tem-
perature of 36C as determined by indwelling Foley catheter. Guided by
predetermined parameters, the bedside nurse was then charged with
judging extubation readiness by assessing hemodynamic stability, the de-
gree of patient bleeding, the resolution of acidosis, and patient cognition.
When nurses judged a patient ready, a respiratory therapist was then
charged with setting the patient to minimal ventilator settings: pressure
support and continuous positive airway pressure of 5 cmH20. After 30
minutes at these settings an arterial blood gas was drawn. Only after re-
turn of the arterial blood gas results was the provider charged with eval-
uating for extubation. (See Appendix 1 for the protocol algorithm).
During period 3 (September 1, 2011, through June 30, 2012) patients
were weaned as during period 2 but with 3 changes. First, paralytic
reversal was performed at a bladder temperature of 35.5C rather than
36C. When patients reached either 36C (during period 2) or 35.5C
(during period 3) the provider was called by the bedside nurse to reverse
neuromuscular blockade with neostigmine and glycopyrrolate. Second,
extubation was performed at a body temperature of 36C instead of
36.5C. Third, a highly visible pink extubation reminder sheet was placed
in every patient room upon arrival in the ICU (Figure 1). This timinggery c April 2014
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Msheet noted the time of ICU arrival and the 4-hour and 6-hour ventilation
time points, serving as an ever-present reminder to extubate patients
early.
During all 3 periods, the nurse-to-patient ratio was 1:1 in our ICU,
whereas the respiratory therapist-to-patient ratio was between 1:5 and 1:8.
As a measure of patient safety, we used a c2 test of proportions to
compare reintubation rates across all 3 periods. Because paralysis was
reversed at a lower body temperature during period 3, we used a c2 test
to compare the rate of patient shivering during period 3 to the rate of shiv-
ering during period 2. Shivering rates were determined by calculating the
proportion of patients who received at least 1 postoperative dose of meper-
idine, which is used in our unit to treat postoperative shivering. A dose of
meperidine therefore served as a surrogate for patient shivering.
Table 1 summarizes patient characteristics for each of the 3 periods,
including median initial postoperative ventilation time (in hours) for
each period. It includes data on patient age (in years), last recorded preop-
erative serum creatinine level (in milligrams per deciliter), history of pe-
ripheral vascular disease, and surgical urgency, all factors demonstrated
to be independent risk factors for prolonged mechanical ventilation.9
Table 1 also displays data on the following additional risk factors: chronic
obstructive pulmonary disease, congestive heart failure, recent myocardial
infarction (ie, within 21 days of surgery), redo surgery (defined here as hav-
ing undergone previous CABG), and placement of an intra-aortic balloon
pump. Peripheral vascular disease was defined as claudication either with
exertion or rest; amputation for arterial insufficiency; aorto-iliac occlusive
disease reconstruction; peripheral vascular bypass surgery, angioplasty, or
stent; documented abdominal aortic aneurysm, abdominal aortic aneurysm
repair, or stent; or documented positive noninvasive testing. The definition
of peripheral vascular disease excluded cerebrovascular disease.
Patient-level factors were compared across periods using c2 tests for
dichotomous variables and analysis of variance for differences in mean
values for continuous variables. For periods 1, 2, and 3 we calculated the
percentage of patients who were extubated postoperatively in<6 hours,
then used a c2 test of proportions to examine the significance of differences
across the 3 periods. We used logistic regression modeling to calculate the
odds of extubation in<6 hours during periods 2 and 3 compared with
period 1, controlling for the potential independent risk factors for pro-
longed mechanical ventilation outlined above (see Table 1). We then
used the same regression model to determine how each independent risk
factor for prolonged mechanical ventilation was associated with the odds
of extubation in<6 hours. Finally, differences in median initial postopera-
tive ventilation time across the 3 study periods were examined using the
Kruskal-Wallis equality of proportions rank test. All data for this study
were interpreted exclusively by the authors and all analyses were conduct-
ed using Stata 12.1 (StataCorp LP, College Station, Tex).
Anesthesia Practices
Anesthesia for patients undergoing coronary bypass was performed ac-
cording to the discretion of the attending anesthesiologist. The majority of
patients were anesthetized in the following manner: 0.1 mg/kg midazolam,
1 to 4 mg/kg fentanyl, and 0.1 mg/kg vecuronium (adjusted for renal fail-
ure). Routinely patients (both men and women) were intubated using an
8.0 endotracheal tube, following which a transesophageal echo probe (Phi-
lips Healthcare, Andover, Mass) was placed and central access obtained.
Anesthesia was provided using isoflurane (0.5-1 minimum alveolar con-
centration) and additional doses of 1 to 3 mg/kg fentanyl up to a total
dose of 10 to 20 mg/kg as needed. Muscle paralysis was maintained untilThe Journal of Thoracic and Carseparation from cardiopulmonary bypass. All patients received an antifibri-
nolytic agent (eg, aminocaproic acid), insulin, as well as ionotropic and
vasoactive medications as needed. Neither parasternal blocks nor epidural
catheters were used for intra- or postoperative pain management.
During the study period 2 changes in anesthetic technique occurred.
Due to increasing concern with postoperative cognitive dysfunction and
delirium associated with benzodiazepines, at the beginning of period 2,
administration of additional doses of midazolam (0.05 mg/kg) after sepa-
ration from cardiopulmonary bypass ceased. Sedation for ICU transport
was accomplished with low-dose propofol infusions (15 mg/kg/minute up
to 50 mg/kg/minute). Second, during time period 3 of the study, paralytics
ceased after separation from cardiopulmonary bypass.RESULTS
During periods 1, 2, and 3, the rate of extubation in<6
hours was 12%, 24%, and 38%, respectively. A c2 test
of proportions showed P< .01 for all groups compared
with each other (Figure 2).
Table 2 shows the results of logistic regression modeling.
After controlling for age, sex, preoperative serum creatinine
level, history of peripheral vascular disease, urgent surgical
status, emergent surgical status, chronic obstructive pulmo-
nary disease, congestive heart failure, redo surgery, dialysis
dependency, recent myocardial infarction, and placement of
an intra-aortic balloon pump during period 2 patients were
approximately twice as likely to be extubated in<6 hours
compared with patients in period 1 (odds ratio [OR], 2.39;
95% confidence interval [CI], 1.84-3.10). Patients in period
3 were>5 times more likely to be extubated in<6 hours
compared to patients in period 1 (OR, 5.05; 95% CI,
3.65-6.99). Consistent with these results, median initial
postoperative ventilation time declined from 11.0 hours
during period 1 to 8.8 hours during period 2 to 7.1 hours
during period 3 (P<.001).
In our model, women in any period were approximately
40% less likely to be extubated within 6 hours than men
(OR, 0.61; 95% CI, 0.45-0.82). Although not statistically
significant, there was a trend toward lower likelihood of
early extubation for patients with peripheral vascular dis-
ease (OR, 0.81; 95% CI, 0.56-1.16), urgent surgical status
(OR, 0.85; 95% CI, 0.66-1.10), emergent surgical status
(OR, 0.72; 95% CI, 0.31-1.66), chronic obstructive pulmo-
nary disease (OR, 0.73; 95% CI, 0.50-1.06), congestive
heart failure (OR, 0.96; 95% CI, 0.66-1.40), and recent
myocardial infarction (OR, 0.99; 95% CI, 0.76-1.31). For
every additional year in age, patients were less likely to
be extubated early (OR, 0.98 per year; 95% CI, 0.97-
0.99). For each additional milligram per deciliter increase
in preoperative serum creatinine there was a trend toward
lower likelihood of early extubation (OR, 0.84 per mg/dL;
95% CI, 0.69-1.03). Placement of an intra-aortic balloon
pump significantly reduced odds of early extubation
(OR, 0.38; 95% CI, 0.24-0.60).
The proportion of overall patients undergoing reintuba-
tion did not differ across the 3 time periods, ranging fromdiovascular Surgery c Volume 147, Number 4 1345
FIGURE 1. During period 3 an extubation reminder sheet was placed in
every patient room. The sheet notes when mechanical ventilation began
as well as the 4-hour and 6-hour time points. Asterisks are meant to
reinforce that the 6-hour time point is the deadline for extubation.
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M3.2% during period 1 to 3.3% during period 2 to 4.7% dur-
ing period 3 (P ¼ .535). Of patients extubated in<6 hours,
2% were reintubated during period 1, none were reintu-
bated during period 2, and 2% were reintubated during
period 3. The small number of reintubation events in pa-
tients extubated early prevented statistically meaningful
comparison.
Surprisingly, the rate of postoperative shivering (as deter-
mined by meperidine use) was significantly lower in period
3 compared with period 2 (12% vs 19% respectively;
P ¼ .02).DISCUSSION
In this study we demonstrated that relatively simple post-
operative protocol changes were associated withTABLE 1. Patient characteristics
Characteristic
P
Patients extubated within 6 h,%
Median initial postoperative ventilation time, h
Age, y (mean  standard deviation) 63
Male patients
Preoperative serum creatinine, mg/dL (mean  standard deviation) 1
Patients with history of peripheral vascular disease
Patients with emergent surgical status
Patients with urgent surgical status
Patients with COPD
Patients with CHF
Patients undergoing redo surgery
Patients with dialysis dependency
Patients with recent MI
Patients placed on IABP
Values are presented as n (%) unless otherwise indicated. COPD, Chronic obstructive pulm
aortic blood pump. *January 3, 2005 to September 29, 2009. yOctober 1, 2009 to August
1346 The Journal of Thoracic and Cardiovascular Surdramatically better performance in extubating postopera-
tive patients within 6 hours of ICU admission. By imple-
menting a standardized weaning protocol developed by a
multidisciplinary team and implemented by nurses and res-
piratory therapists during period 2, we doubled the percent-
age of postoperative patients extubated in<6 hours from
12% to 24%. During period 3 the percentage of patients
extubated in<6 hours improved even further, from 24%
to 38%, after we modified the protocol developed in period
2 with earlier paralytic reversal, at 35.5C instead of 36C,
and permitted extubation of patients at a body temperature
of 36C, as opposed to 36.5C. Furthermore, during period
3 we developed a highly visible, pink-colored sheet in each
ICU room that served as a constant reminder to move
toward extubation as soon as possible. In so doing, we
increased the likelihood of extubation 5-fold compared
with our experience during period 1, during which time
no defined protocol existed. Further analysis using logisitic
regression highlighted other significant variables
decreasing the odds of early extubation, including age,
sex, renal function, and surgical status. Accounting for all
of these factors showed that care during periods 2 and 3
independently increased the chance of early extubation,
substantiating the notion that standardizing the extubation
protocol and then modifying it as described above were
responsible for our improvement in this metric.
The protocol changes implemented in periods 2 and 3
have the added benefit of being cost-free, suggesting that
implementation of this type of pathway could be universally
accomplished. Although the benefits of early extubation for
all ventilated patients are recognized, few studies provide
detailed postoperative protocols outlining how to improve
performance. We could find none specific to cardiac sur-
gery. Studies that have examined methods of weaning pa-
tients from mechanical ventilation have focused on mixederiod 1* Period 2y Period 3z
Pn ¼ 1174 n ¼ 631 n ¼ 256
11.8 23.9 38.3 <.001
11.0 8.8 7.1 <.001
.86  10.42 63.37  10.47 62.40  11.29 .121
855 (73) 486 (77) 193 (75) .140
.13  0.85 1.17  1.07 1.28  1.33 .106
179 (15) 94 (15) 28 (11) .203
45 (4) 29 (5) 9 (4) .665
603 (51) 289 (46) 105 (41) .003
147 (13) 85 (13) 39 (15) .487
131 (11) 68 (11) 61 (24) <.001
31 (3) 10 (2) 6 (2) .357
21 (2) 15 (2) 9 (4) .213
407 (35) 210 (33) 92 (36) .720
152 (13) 97 (15) 51 (20) .013
onary disease; CHF, congestive heart failure;MI, myocardial infarction; IABP, intra-
31, 2011. zSeptember 1, 2011 to June 30, 2012.
gery c April 2014
FIGURE 2. Improvements in early extubation. CABG, Coronary artery
bypass grafting.
Fitch et al Perioperative Managementmedical and surgical patient populations.16-18 General ICU
weaning protocols have recently been evaluated in a 2011
Cochrane review by Blackwood and colleagues19 but,
again, none were cardiac specific. A 1998 study by Micha-
lopoulos and colleagues12 showed that certain anesthesia
and sedation regimens could improve early extubation per-
formance after CABG. A 2009 study by Sato and col-
leagues20 evaluated the effects of a standardized early
extubation protocol on 485 on-pump CABG patients and
found that early extubation could be performed success-
fully. The postoperative protocol in that study involved
warming patients with forced air until their surface temper-
atures reached 36C. Patients were then extubated only
when conscious and hemodynamically stable, with an arte-
rial oxygen partial pressure >70 mm Hg at an inspired
oxygen concentration of 50%. Our study provides more
exact ventilator settings and utilizes the bedside nurse and
the respiratory therapist, not the physician, as drivers of




Period 2 (compared to period 1) 2.39 1.84-3.10
Period 3 (compared to period 1) 5.05 3.65-6.99
Age (per additional year) 0.98 0.97-0.99
Woman 0.61 0.46-0.82
Serum creatinine (per additional mg/dL) 0.84 0.69-1.03
History of peripheral vascular disease 0.81 0.56-1.16
Urgent surgical status 0.85 0.66-1.10
Emergent surgical status 0.72 0.31-1.66
Chronic obstructive pulmonary disease 0.73 0.50-1.06
Congestive heart failure 0.96 0.66-1.40
Redo surgery 0.89 0.36-2.18
Dialysis dependency 1.30 0.35-4.83
Recent myocardial infarction 0.99 0.76-1.31
Intra-aortic balloon pump 0.38 0.24-0.60
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Mreversed at 35.5C and extubated at 36C. It had been
believed that increased shivering would occur with earlier
reversal, but this was not the case. Moreover, despite the
protocol changes, there was no difference in the rate of pa-
tient reintubation across periods, testifying to the safety of
the measures outlined in this study (and to early extubation
in general). In each study period, patients extubated early
were reintubated at lower rates than overall patients within
that period, suggesting that, in fact, we did not expose our
patients to an increased risk of reintubation by our more
aggressive extubation protocols. Finally, although difficult
to quantitatively assess its independent contribution, our re-
sults provide evidence that something as simple as an early
extubation reminder sheet in each patient room improves
early extubation performance.
Although our study did not measure other outcome vari-
ables, early extubation of postoperative heart surgery pa-
tients has been shown to shorten ICU and hospital stays
and decrease resource use while decreasing patient
morbidity.10-14 We show that adhering to a standardized
postoperative protocol, allowing nurses and respiratory
therapists to drive the process, and using a bedside tool to
constantly remind providers of this outcome metric
significantly improved early extubation rates. Regardless
of current performance, any cardiac surgery program
might benefit from this type of approach.
Standardized protocols and checklists similar to those we
implemented in this study have been shown to improve
communication and cooperation among health care
workers,21,22 improve patient outcomes,23 and even
decrease nursing staff turnover.24 Moreover, there is evi-
dence that nurses and allied health professionals adhere to
standardized protocols better than do physicians.25 The pro-
tocol developed in our study may, in fact, have benefited by
discouraging physician micromanagement. It is likely that
in a busy ICU the type of individualized patient care and
assessment required to accomplish early extubation is not
reliably placed in the hands of a provider responsible for
as many as 15 patients simultaneously. It stands to reason
that a nurse, whose sole responsibility is his 1 patient, might
better drive the process to early extubation. Finally, our use
of a pink reminder sheet posted at the bedside should be
distinguished from the use of a checklist. Checklists, almost
by definition, are implemented a finite number of times per
day. In our cardiac surgical ICU, the postoperative cardiac
surgery checklist is implemented just once during the im-
mediate postoperative period. The timing sheet serves as a
constant reminder, arguably more effective than the postop-
erative checklist used hours before the target extubation
time.
It is well known that explicitly stating patient care goals
in the ICU decrease length of ICU stay and subsequent hos-
pital stay.21 This study argues in favor of tools that provide
constant reminders of those goals throughout the day.diovascular Surgery c Volume 147, Number 4 1347
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Although unlikely to be different across study periods,
we were unable to control for preoperative mechanical
ventilation status, postoperative bleeding, or the use of post-
extubation noninvasive ventilator support because our data-
base did not capture those variables. Nevertheless, our study
did control for an array of risk factors suggested by the liter-
ature or common sense to play a role in duration of
ventilation.
Furthermore, it is possible in this longitudinal study
without a control group that the improvements in early ex-
tubation performance across time may have been attribut-
able to evolving standards for early extubation in addition
to the implementation of specific protocol changes.
The changes in anesthesia technique deserve special
comment. It should be acknowledged that we have no
fast-track anesthesia protocol for patients more likely to
be extubated early. All patients are anesthetized similarly.
Eliminating the use of short-acting benzodiazepines (0.05
mg/kg) after separation from bypass, as occurred after
period 1, should have had minimal effect on extubation
readiness several hours later. Certainly, it had no effect on
the changes seen between periods 2 and 3, because no
change in the use of this drug occurred during these time pe-
riods. Similarly, although elimination of a post-bypass dose
of paralytic theoretically could have facilitated earlier
timing of neostigmine administration, in practice, patient
temperature is the limiting factor driving paralytic reversal,
not dense paralysis.CONCLUSIONS
Our study presents specific protocols for managing pa-
tient recovery after coronary bypass designed to maximize
the rate of early extubation. As a result of continued evalu-
ation of early extubation times in these patients, we insti-
tuted systematic measures to improve our early extubation
rate. Initially, placing the decision-making responsibility
for driving the determination of extubation readiness into
the hands of the bedside nurse and respiratory therapist
achieved substantial performance improvement. However,
the addition of a constant early extubation reminder, coordi-
nated with reversal of paralytics at a lower body tempera-
ture, further dramatically improved our results at no
measurable detriment to patients. Along with the specifics
of earlier extubation methodology in patients undergoing
CABG, our study also addresses the benefits of protocoliz-
ing care and approaching patient outcomes continuously,
systematically, and in a multidisciplinary fashion.References
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The rapid ventilator weaning protocol algorithm used
during periods 2 and 3. Three important changes were
made during period 3. First, paralytic reversal was
performed at a body temperature of 35.5C ratherThe Journal of Thoracic and Carthan 36C during period 2. Second, patients were extu-
bated at a body temperature of 36C rather than
36.5C during period 2. Third, a highly visible ventila-
tion timing sheet (Figure 1) was hung in every patient
room.diovascular Surgery c Volume 147, Number 4 1349
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